Abstract
regional or municipality level. Therefore, a controversial relation may arise in the long run between these two government levels. The local government claims to have an infrastructure that it does not finance entirely, wondering about the future positive effects that may not always happen.
Consequently, local governments and mayors attempt to get an HSR station, as if this would spontaneously generate economic benefits for their voters. In particular, during the recent financial crisis, mayors considered that investment in HSR infrastructure may partly solve local problems by improving local economic activity. 5 However, local governments have to recognise the extra expenses and increases in public services, which may or may not be compensated by the potential economic activity generated by the infrastructure.
The main goal of our paper is to shed light on how the construction of new HSR lines affects local finance considering the main variables of local budgets. Despite the extensive literature regarding the relationship between infrastructure and the impact of public expense (Solé-Ollé, 2006a) , previous authors, to our knowledge, have not explored the impact of the infrastructure on local budgets at the municipality level.
In order to analyse this relationship, we build a local database for the past decade (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) that includes variables that capture not only local economic activity and public budgets, but also the Geographic Information System (GIS) information used to detail potential spillover effects. Our estimations support the fact that HSR improves both local revenues and local budgets after HSR entrance.
Section 2 presents the literature review on HSR effects and local budget analysis.
Section 3 provides some facts about HSR projects in Spain, while the database and considered covariates are explained in Section 4. Section 5 develops the empirical strategy and estimations and, lastly, Section 6 summarises the main contributions and results.
5 One recent example is the mayor of Vigo, Abel Caballero, and his defence of the HSR investment for his region. A long version of the interview can be found here: http://www.atlantico.net/noticia/255439/caballero/vigo/recuperacion/economica/
Literature review
As mentioned above, public investment, particularly transport infrastructure investment, is a powerful mechanism for enhancing economic growth and employment in the short run. Aschauer (1989) was the first to assess the role of public investment in economic growth and productivity improvements. Since then, works have focused on exploring the links between infrastructure investment and macroeconomic variables such as GDP (Munnell, 1990; Holtz-Eakin, 1994; Gramlich, 1994 for a review literature), productivity growth (SACTRA, 1999; Haughwout, 2002) and employment (Vickerman, 2002 , Dalemberg et al., 1998 .
However, the macroeconomic impacts are useless for making an individual decision about a project because this is context-specific-both in type (line or point infrastructure, etc.) and in its position within the network. Consequently, the spatial dimension needs to be discussed because investment in one region depends on the local conditions, existent transport modes and infrastructure provision in other regions, among others (Vickerman, 1991) .
In this setting, we focus on the effect of public infrastructure investment, in particular HSR, assuming that positive effects are translated into effects on the budgets of the administrative entities around the infrastructure. The role of the spatial dimension is widely justified because the infrastructure interacts with the space and the location of the economic activity. 6 Usually, these effects arise from individual decisions and take place at a disaggregate dimension of the economic activity (Graham, 2006) , and that is why we should focus on the municipality level, thereby allowing us to identify variation at a small spatial scale. In this sense, two properties of the analysis are desirable: (i) avoiding predefined units such as administrative areas (Spanish municipalities in our case) and (ii) emphasising distance or density in order to include a transport dimension that determines the spatial behaviour of the impacts. These two conditions are further analysed in Section 3.
From the previous discussion, it is clear that public transport investment affects the revenues of administrative entities if the potential positive benefits of the investment capitalises in the region generating additional economic activity.
However, the final effect is likely to depend on how the increased spending is financed. Empirical studies, at the aggregate level, such as those of Engen and Skinner (1996) find evidence that increases in tax rates reduce the rate of economic growth. An increase in public capital, which, in most cases, requires an increase in tax rates, will stimulate economic growth only if the productivity impact of the public capital exceeds the adverse tax impact.
Consequently, the financing mechanism and tax structure need to be considered.
Transport policy in Spain is in the hands of national and regional governments, and the fiscal policy provides too few incentives for an efficient use of funds. There is no direct correspondence between expenses and collected taxes, encouraging regions to exaggerate their needs for funds. Therefore, there is no direct relation between the entity that finances the infrastructure (national/supranational) and the entity that gets benefits (regional/local) from economic activity increases.
Further, HSR is associated with a "tunnel effect" (Gutiérrez Puebla, 2004) . HSR develops the final nodes, lacking the generation of economic activity throughout the territory where it develops. Hence, a polarisation effect leads to increased accessibility at the nodes of the infrastructure, isolating intermediate regions from the poles (which attract business). This allows us to focus only on the effects that take place surrounding the station (at different distances).
The analysis of distances is an important consideration to appraise the construction of a new infrastructure. A relevant question is whether the infrastructure performs better in the region where it is built or plays in favour of adjacent regions. On one hand, the infrastructure may encourage new activities and the location of new enterprises, while, on the other hand, dispersion forces may lead to a delocalisation of firms, reducing the expected benefits of the infrastructure (Krugman and Venables, 1995; Puga, 2002) . The final result depends on the local conditions, existent transport modes and infrastructure provision in other regions.
Regarding to regional and sectorial impacts, we must consider, as Esteban Martín (1998) claims, that cities served by HSR usually have alternative transport mode, such as conventional train or. These are clearly affected by the new alternative and operator companies do reduce the number of services. Moreover, there may be some second-order effects on directly linked sectors such as tourism or hospitality.
Business tourism and conferences benefit from new HSR services, but it may produce a reduction in the number of overnight stays, cutting tourist expenditure and the consumption of hotel services. Albalate and Bel (2012) review the experiences of HSR around the world and literature related to regional effects, reporting that regions whose economic conditions compare unfavourably with those of their neighbours, a new HSR infrastructure may even result an overall negative impact (Givoni 2006; Van den Berg and Pol 1998; Thompson 1995) . All these studies consider population to be the main variable. This covariate allows us to test for scale economies in the provision of public services at a local level (see Allers et al., 2001; Petterson-Lidbom, 2001; Castells et al., 2004; Fluvià et al., 2008, among others) . Other important variables are the proportion of elderly (>65) and young (<20) residents and the immigration rate (e.g. Zafra-Gómez et al., 2009; Voltes-Dorta et al., forthcoming) . These age groups are key drivers of demand for municipal services, such as employment, health and education, while a significant proportion of senior citizens may lead to a decrease in demand for other services such as sports facilities (Zárate and Vallés, 2012) .
Lastly, income per capita and the unemployment rate are economic indicators that also affect local budgets (Bastida et al., 2009; Benito et al., 2010) . The effect of tourism on local budgets must also be taken into account because of the several positive and negative effects that it may induce (see Voltes-Dorta et al., forthcoming). This paper is based on previous contributions, but it differentiates from those in several ways: firstly, it uses GIS analysis to capture the spatial component, which is crucial for assigning economic impacts, and secondly, it considers a difference-in-difference (DiD) methodology. Moreover, two more facts have occurred. First, the entrance of HSR has allowed demand to increase by between 8% and 35%, depending on the routes, without differentiating between deviated and generated demand (see Annex 1 for a further analysis of the routes). Consequently, the entrance of HSR has changed the market share of air transport.
HSR in Spain (AVE): some facts

Database
To compute the impact of HSR entrance on our variables of interest, we use a panel The HSR network develops along the territory and has economic effects on the surrounding populations. The spatial dimension of its effects requires the use of GIS 8 to reference the database geographically and to capture the role of the distance. The procedure is as follows:
1. Localise HSR stations geographically. Spain has four main corridors but we only include HSR lines that started before 2009 (see Table 1 ). Ideally, we would appraise the existent HSR network but the lack of a reliable database prevents this. 2. To capture the spatial dimension, we establish concentric circles around HSR stations. When these circles cover only part of the surface of the municipality, we only consider the proportion of the municipality affected by the infrastructure. The aim is to establish influence areas to examine the impact of the relevant variables on local budgets. We repeat this procedure for concentric circles of 5, 10 and 20 km. 9
The point of building concentric circles of different kilometres around the HSR station is twofold; to limit the influence area of the infrastructure and to explore how the impact of the infrastructure evolves over distance. To capture the impact, we need to georeference the previous database with a set of variables of interest, such as:
7 Data were collected from http://serviciosweb.meh.es/apps/entidadeslocales/. 8 GIS is a system of hardware and software used for the storage, retrieval, mapping and analysis of geographic data. A GIS can be thought of as a system-it digitally creates and "manipulates" spatial areas. 9 See Hernández (2012) for a more detailed description of this procedure. Finally, we include a Trend variable that ranges from 1 to 10 to control for the potential time effects for all municipalities. Table 2 shows the descriptive statistics of the variables considered. However, our question of interest is whether the entrance of HSR in Spain modifies the local budgets of municipalities when it arrives. Our interest is in comparing changes in the main variables after the entrance of HSR in these municipalities. For this reason, Table 3 includes average data for budget covariates and the yearly property tax in order to analyse in a descriptive way whether this exogenous change (the entrance of HSR) has modified them.
To do this, we consider two questions: firstly, we compare municipalities within an influence area of HSR of 5 km with those that are out of this influence area; secondly, we compare the situation before and after the entrance of HSR.
Moreover, a t-test for the before and after data was carried out. between the before and after data by the group of cities (treatment and control group).
Generally, we observe that the mean tests are statistically significant for all variables considering cities without HSR and for revenues per capita and fiscal gap for cities with HSR. Independent of the year of entrance, the average of our relevant variables is higher for cities with HSR than without HSR and for the scenario after entrance compared with before.
By focusing on cities with HSR, we find that the yearly property tax does not vary, which implies a pressure on real estate to keep constant before and after the entrance of HSR. This is not the case for cities without HSR, where the yearly property tax has been used as a tool to modify municipal budgets. Lastly, we observe that the mean test of debt per capita is statistically significant when we consider a year of entrance after 2006. This finding implies that there is a tendency of municipalities to borrow external financial funds.
Estimations
Despite previous descriptive results, a causal relationship must be found in order to draw structural conclusions. As detailed in previous sections, our main aim is to evaluate whether HSR entrance improves local budgets in the municipalities where it is located. For this reason, we firstly estimate whether this exogenous factor increases local revenues (as a proxy of higher economic activity). The increase in economic activity directly translates into higher fiscal revenues through the collection of taxes such as business tax, property tax, waste taxes, taxes on vehicles and taxes on construction, among others.
Moreover, if local revenues increase owing to more economic activity (we also analyse evolution of local tax increase in Annex II), this may also generate higher expenses because new services may be provided. To test this fact, we estimate the impact of HSR entrance on the fiscal gap and debt per capita. When these new services are funded by own local revenues, the fiscal gap may be worse off;
otherwise, it may increase debt per capita.
For this reason, we consider a Difference-in-difference (DiD hereafter) approach to estimate the impact of our variable of interest (the entrance of HSR) on the endogenous variables. DiD is an econometrics technique that captures the effect of a treatment in a given period. The DiD estimation represents the difference between the pre-post, within-subject differences of the treatment and control groups. Our treatment group is the set of municipalities affected by the introduction of the new transport infrastructure and the control group is the municipalities that are not affected. 11
As the benchmark, we estimate equation [1] . In particular, our dependent variables (Yit) are those related to local municipalities that we consider to be relevant and affected by the new infrastructure such as local revenues per capita, the yearly property tax (IBI in Spanish), fiscal gap per capita and debt per capita. We estimate these individually and separately according to
[1], but we have to interpret them somehow jointly because a joint interpretation allows us to understand the final effect of the infrastructure on local budgets.
However, one of the most basic assumptions of differences-in-differences models is that the temporal effect in the two groups of municipalities is the same in the absence of entrance of HSR. So, we first have to test whether both treatment and control group show same trend before the opening of the new station. This has been called the 'identifying assumption'. In order to check it, we estimate a similar equation than [1] for each endogenous variable and for each route but we substitute DiD estimator by separate dummies for treatment and control municipalities, in order to check whether the time trends in the pretreatment period were the same. 12
The econometric result indicates that we cannot reject even at least at 10 percent that affected and control groups (cities with and without HSR) behave equally before the introduction of the HSR. This fact does not occur in all routes-years (see Tables 4 to 7 and following explanations). Table 4 only shows the DiD estimation of revenues per capita on the entrance of HSR considering that these vary depending on the municipality and distance to the infrastructure. 13 In this table, each cell provides the DiD estimator under different 12 The empirical strategy is the following one: firstly we create time-dummies for both control and treatment group. Then, we estimate each equation replacing D-i-D variables for these previous variables generated. Finally, we test whether coefficientes for each group of time-dummies are equal or not (see Albalate, 2008 , for further explanation of this empirical strategy). 13 All estimations in Tables 4 to 7 consider all the covariates explained in equation [1] . They were estimated by solving potential heteroskedastic problems. R 2 for all estimations ranges from 0.13 to 0.27. Results for covariates were those expected at academic literature, i.e., higher tourism activity, higher revenues (Voltes-Dorta et al, 2013);
conditions; thus, the row represents the year of entrance of the transport infrastructure and the column represents the spatial dimension depending on whether the municipality has an HSR station or is within a certain distance (we consider 0-5 km, 5-10 km and 10-20 km). Note 1: *** 1%, ** 5%, *10% significance test. Standard deviation in brackets.
Note 2: Identifying assumption is satisfied in bolded rows.
The DiD estimator of local revenues per capita yield a general conclusion: the entrance of HSR in Spanish municipalities has induced an increase in own revenues collected by local governments. Moreover, this positive spillover goes from municipalities with HSR stations up to a radius of 5 km. In the two oldest routes, this effect increases to a 10 km radius. However, only data from 2005 satisfy the identifying assumption.
By using the average revenues per capita in Table 3 and the coefficients estimated in Table 4 , we find that HSR entrance would induce an increase in local revenues per capita close to 10%.
This effect may have been induced by the greatest economic development at the local level. Hernández (2012) estimates the impact of the HSR network on employment, which shows a direct relation between the infrastructure and generation of economic spillovers. However, do they really improve the economies of scale (population) in fiscal gap per capita; lower outcomes at crisis time; etc. All estimation results are available upon request.
performance of local finances? Table 5 repeats the previous procedure by focusing on the fiscal gap per capita. -20,85 (27.46) 10.68 (19.67) Note 1: *** 1%, ** 5%, *10% significance test. Standard deviation in brackets. Note 2: Identifying assumption is satisfied in bolded rows.
Estimations for 2006 and 2008 may be biased because they do not satisfy the identifying assumption using test described by Albalate (2008) . Nevertheless, the statistical significance of the variable and negative sign of DiD suggest that local revenues increase after HSR entrance and that local governments take advantage of this better performance in order to improve their own local fiscal gap. As in Table 4 , the most significant coefficients are those for municipalities located within a 5 km radius and those where HSR entrance occurred in the early years.
By comparing these positive effects on the fiscal gap per capita with the average data before entrance described in Table 3 , the estimated effect on the fiscal gap is close to -16%, namely there is a higher surplus (or lower deficit) due to HSR entrance.
The estimations in Table 6 To summarise these results, we must highlight the capacity of HSR infrastructure to generate spillovers at the local level. The increase of revenues at the municipality level may generate two types of spillovers, as explored by Solé-Ollé (2006b): benefit spillovers that arise from the provision of local public goods and crowding spillovers that arise from the crowding of facilities by residents in neighbouring jurisdictions. Therefore, from the direct effects, other benefits may arise from the provision of public infrastructure. All of these are associated with the increase in density and the concentration of jobs, facilities and economic agents. In this sense, Hernández (2012) supports this idea by capturing a positive and significant effect of HSR infrastructure on employment density at the local level in Spain.
Lastly, another important aspect is how regions may compete to attract economic activity through a reduction in the tax rate or increases in public facilities (Dembour and Wauthy, 2009 ). Our analysis suggests no competition in property taxes, as Delgado and Mayor (2011) find for nominal rates on data on 2004, and no increases in public expenditure beyond the optimal one; moreover, there is a reduction in the fiscal gap when comparing cities with and without HSR infrastructure.
Conclusions
HSR infrastructure is often subsidised with public money collected from public debt growth or tax pressure increases. These costly infrastructures generate social benefits that should set off the huge costs of investment, maintenance and operation. Social benefits are mainly time savings and the reduction in operating costs; however, we are interested in analysing the impact of the infrastructure on local budgets.
The question that we answer in this paper is whether the entrance of this new infrastructure generates spillovers at the local level. The argument behind our analysis is that the generation of new economic activity influences local budgets by increasing public revenues. However, the new infrastructure may induce extra expenses because the need to provide new services or facilities may affect the local fiscal gap, namely the difference between own local expenditure and local revenue (excluding transfers).
This paper has two main novelties because we consider the use of GIS tools to capture the role of distance and to assess whether we can determine the influence area of the infrastructure and we explore the impact of infrastructure at the local level. To our knowledge, no previous paper has focused on these impacts.
We consider a local database in Spain for the last decade (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) to appraise these questions individually. Our DiD estimations show that there is an improvement in the public revenues and the fiscal gap, which means that there is an increase in economic activity and thereby extra revenues. These extra revenues are generated by an increase in economic activity and not due to an increase in tax rates. Moreover, this effect is most noticeable in those municipalities located within a 5 km radius of an HSR station.
Further research is required in this field. It would be interesting to examine the mechanisms of these spillovers to understand the roles of the input and product markets.
This would be essential from a policy perspective to determine the optimal location of an HSR station. More research is also required to explore the role of the institutional framework in the impact of the infrastructure on the spillover effects.
By comparing the aggregate, we observe that there is a decrease in traffic between 2008 and 2011. The percentage decrease is 4.03%. In fact, there are only six routes whose traffic increased during this period. This is due mainly to the crisis (e.g. for the Madrid-Barcelona route, the decrease in traffic is around 22% for the same period).
Regarding the construction costs of any particular HSR route, we have a lack of data because they are not public and, sometimes, the information is even contradictory. Nevertheless, we have some examples of the important construction costs associated with this infrastructure (Table AI. 2). 
Annex II
We also enquire whether results on local revenues are caused by an increase in local taxes rates (using the yearly property tax, the most important at the local level in Spain) 14 or by a better economic performance at the local level (see Hernández, 2012) .
The results obtained in this table must be biased if the local government changed this tax rate after HSR entrance. For this reason, we repeat the estimations in equation [1] by using the yearly property tax as an endogenous variable. Table 7 analyses the effect of the entrance of HSR in this regard. 
